Introduction: In older men, sexual disorders may be the result of a decrease in testosterone and an increase in sex hormone binding globulin (SHBG) serum levels. Although obesity may enhance the decline of testosterone, it is also the cause of metabolic disorders, which are additional risk factors of erectile dysfunction. The purpose of this study was to investigate whether elevated body weight is associated with decreased serum testosterone concentrations and reduced sexual function in young men. Material and methods: Data on general health, medication, depressive symptomatology and sexual life was obtained from 136 men aged 20-49 years. Blood levels of LH, total testosterone (TT), dehydroepiandrosterone sulfate (DHEA-S), oestradiol, SHBG, total cholesterol, LDL-and HDL-cholesterol, and triglycerides were determined. Body mass index (BMI), waist to hip ratio (WHR) and free testosterone index (FTI) were calculated. Results: A significantly reduced occurrence of sexual fantasies, morning erections and erectile function scores was observed in the oldest group compared to the youngest men with normal BMI, although orgasmic function was unchanged. A significant decrease in TT serum levels was observed in obese 30-year-olds compared to men with normal BMI, while in obese 40-year-olds decreased LH and SHBG levels were also found. No differences in the levels of lipids and sexual achievements were found among men with different BMI. However, erectile function and morning erections significantly negatively correlated with age, BMI and WHR, and positively with FTI, but not with other studied hormones and lipids. 
Introduction
The incidence of obesity has increased dramatically over the last 30 years, especially in highly industrialised countries, where the lifestyle commonly includes a high calorie diet and low physical activity. A progressive decline of the age threshold of subjects with overweight and obesity has been observed. In the age group under 18 years, the prevalence of excessive body weight tripled in the last decade of the 20 th century and now in Europe constitutes 16-22% [1] . In men, the frequency of obesity in the European population is approximately 15% [2] . The European Male Ageing Study (EMAS) revealed the prevalence of obesity among 2,736 men aged 40-70 years to be 24% [3] . In turn, our previous study revealed that as many as 50% of young men (20-39 years old) had excessive body weight: 36% were overweight and 14% were obese [4] .
Links between obesity and cardiovascular artery disease, hypertension and diabetes mellitus are well documented in both sexes [5] [6] [7] . Obesity in men has also been shown to be associated with low plasma testosterone concentrations and erectile dysfunction (ED) [8, 9] . Decreased testosterone level and visceral adipose tissue accumulation in the ageing male probably represent the most important factors for comorbidities and mortality from cardiovascular disease [10, 11] . Hypoandrogenism in men is manifested, among other things, by a lack of interest in sex (no sexual fantasies), lack of spontaneous, morning erections, ED during sexual stimulation and difficulty in achieving orgasm [12, 13] . EMAS revealed that among men above 40, those with the lowest levels of total and free testosterone reported significantly lower sexual function compared to men with the highest testosterone levels [14] . Androgen deficiency in older men creates a clinical syndrome called late onset hypogonadism (LOH), which is associated with multiple end-organ deficits [15] . However, as this deficit of testicular function is not yet present in young men, the direct effect of obesity on androgen action may be clearly visible.
The purpose of this study was to investigate whether elevated body weight is associated with decreased serum testosterone concentrations and lower sexual function already present in younger men.
Material and methods

Subjects and Study Design
The study was performed after the approval of the Bioethical Committee of the Medical University of Lodz, Poland. A group of 300 men was randomly recruited from the Lodz city population register. The only criterion for selection was for the subject to be aged between 20-49 years. Subjects were invited by a letter to attend a screening visit at the Department of Andrology and Reproductive Endocrinology, Medical University of Lodz. The overall response rate for participation was 46%. Men who agreed to participate in the study (136 subjects, mean age 35.5 ± 10 years) were divided into age bands: 20-29 (44 subjects), 30-39 (36 subjects) and 40-49 (56 subjects).
Anthropometry
Body weight and height, waist and hip circumference were measured using standard procedures. 
Hormone and lipid measurements
Single venous blood samples were taken in the morning hours (8.00-10.00) in a fasting state, 12 hours after the last meal. Serum was separated and stored at -80 
Questionnaires
Subjects were asked to complete an interviewer-assisted questionnaire gathering information on general health, medications and lifestyle. General health was scored from 0, when very good, to 3, when very bad. To measure depressive symptomatology, the Beck Depression Inventory II (BDI-II) questionnaire was used [16] .
To evaluate the quality of the sex life of the subject, a separate unassisted questionnaire was completed.
PRACE ORYGINALNE
This questionnaire was validated and used as a scientific tool in the EMAS study in which we participated [17] . The questionnaire comprised a set of multiple choice questions. Questions concerning the previous four weeks were as follows: 1) Do you have a sexual partner? (Answer: yes, no); 2) Are you able to achieve and maintain an erection sufficient for sexual intercourse? (Answer: never, almost never, sometimes, usually, almost always/ /always; score 1-5); 3) How often do you reach orgasm during sexual stimulation? (Answer: never, almost never, sometimes, usually, almost always/always; score 1-5); 4) How often do you wake up with an erection? (Answer: never, 1 time/month, 2-3 times/month, 1 time/ /week, 2-3 times/week, 4-6 times/week, 1 time/day, > 1 time/day; score 0-7); and 5) How often do you think about sex (sexual fantasies)? (Answer: never, 1 time/ /month, 2-3 times/month, 1 time/week, 2-3 times/week, 4-6 times/week, 1 time/day, > 1 time /day; score 0-7).
Statistical analysis
All statistical analyses were performed using Statistica for Windows PL software, version 10.0 (Statsoft Inc., Tulsa, OK, USA). Mean ± standard deviations (SD) were used to express group data. The ANOVA Kruskal-Wallis test was applied for the comparison of nonparametric variables between groups, after the distribution of values had been verified by the Shapiro-Wilk test. Correlations were examined using Spearman's rank correlation analysis. P < 0.05 was considered significant.
Results
One or more morbidities were reported by 16 men. The most frequent were gastrointestinal ulcer (50%) and hypertension (37.5%). General health was significantly worse in men aged 40-49 (score 2.0 ± 1.3; p < 0.001) compared to younger ones (score for 20-year-olds: 1.1 ± 1.5; score for 30-year-olds: 1.8 ± 1.5). BDI-II revealed that one 20-year-old man presented symptoms of severe depression and four men aged 40 presented with moderate depression. All of them reported adverse life events during the previous weeks. Total scoring of BDI-II was not related to age, general health scoring, blood lipids and sex hormones serum levels. Details on general health and BDI-II are presented in our previous study on the same group of men presented by Kramek et al. [18] . Nobody used antidepressants, psychotropic drugs, narcotics, lipid-lowering medications or antiandrogens. None was denoted as an alcoholic or drug addict. A total of 62.5% of men were current or former smokers (20-year-olds -52.3%, 30-year-olds -63.9%, 40-year-olds -65.2%). None used a special diet.
In the whole group, 38.8% of people led a sedentary life and did not show any other physical activity.
Among professional working men, 74.4% had jobs that involved sitting.
Results of hormonal determinations and serum levels of lipids in men between 20 and 49 years of age with different BMI values are shown in Table I . Among men with a normal BMI, a significant increase in LH, SHBG and all lipid serum levels was observed in 40-year-olds compared to 20-year-olds. A significant decrease of FTI and DHEA-S, but not TT serum level, was visible in men 30 and above. It was also shown that oestradiol serum level is significantly lower in 40-year-old men.
In obese men, a significant decrease in TT serum levels was found in 30-year-olds compared to men with normal BMI, while decreased LH and SHBG levels were also found in 40-year-olds with higher BMI. A trend towards increased oestradiol and DHEA-S with growing weight was visible, but not statistically significant. No differences were found in the levels of lipids among men with different BMI values.
A total of 18% of 20-year-olds, 8% of 30-year-olds and 2% of 40-year-old men reported a lack of sexual partner. Nobody reported severe dysfunction of erection or orgasm i.e. achievement "never " or "almost never". Table II shows the results of the sex life assessment and their comparisons between age groups and between men with different BMI scores. Less frequent sexual fantasies, reduced erectile function, and lower morning erection scores were observed in the oldest group compared to the youngest men, although orgasmic function was unchanged. No significant differences were found between men with different BMI values in each age group.
The correlations between age, FTI, and sexual fantasy, erectile function and morning erection results are presented in Table III . Erectile function and morning erections significantly negatively correlated with age, BMI and WHR, as did sexual fantasies with age and BMI. Sexual fantasies, erectile function and morning erections positively correlated with FTI. No correlations between sexual life parameters and other hormones were found, neither with lipids. Orgasmic function was not correlated with any studied parameters.
Discussion
Assessment of male sexual function has been the subject of intense research in recent years. As the incidence of sexual disorders increases with advancing age, most studies have been devoted to older men. However, the risk factors for cardiovascular disease, as well as decreased testosterone serum concentration, may appear early in life, even in prepubertal children [19] . It has been shown that one of these factors is increased body mass. Our previous study found that BMI and Sexual function, BMI and sex steroids Sylwia Jastrzębska et al.
WHR levels increase in men between the 20 th and 40 th year of life [4] , and this fact was confirmed in the present study. Moreover, it was seen that the number of adverse risk factors for cardiovascular disease rapidly increases after 40. It was visible that after the 40 th year of life, men had significantly worse lipid parameters (increased Table I 
Sexual fantasies
5.9 ± 1.4 5.3 ± 1.3 6.3 ± 1.6 6.3 ± 1.0 5.1 ± 1.3 6.4 ± 0.9 4.6 ± 1.2* 4.5 ± 1.9* 4.6 ± 1.5* Erectile function 3.9 ± 0.5 3.6 ± 0.9 3.8 ± 0.4 3.8 ± 0.7 3.7 ± 0.5 3.8 ± 0.8 3.3 ± 0.6* 3.4 ± 0.6* 3.4 ± 0.5* Morning erections 3.8 ± 1.3 3.3 ± 2.2 3.3 ± 2.9 3.2 ± 1.6 3.0 ± 2.3 3.0 ± 2.7 2.8 ± 1.9* 2.7 ± 1.3* 2.6 ± 1.8* Orgasmic function 4.6 ± 1. PRACE ORYGINALNE serum levels of TC, LDL-C and TG), but no correlation was found between serum concentration of lipids and BMI or WHR in each age group. Although other studies note that dyslipidaemia accompanies obesity and has been linked to ED in older men [20] [21] [22] , it may be the case that the participants of our study were younger and in better health.
The present study reveals that TT and FTI declines, and SHBG increases, with age from the 30 th year of life while the mean hormone levels remain within the physiological range. Longitudinal studies in ageing males over 40 report that the decline in free testosterone is caused by a rise in SHBG [9, 23, 24] . However, the results of the present study indicate that mean TT level is lower in men with excessive body weight compared to men with a normal BMI, even by the age of 30. In 40-year-olds, LH and SHBG levels were also found to be significantly lower. The same observation in older men has been made by several prospective studies [4, 9, 25, 26] . Wu et al. [9] observe that the effect of increasing BMI and waist size on circulating testosterone was more substantial than that of age. The change in BMI from non-obese to obese may be equivalent to a 15-year fall in TT. One possible explanation of this phenomenon may be a failure of the hypothalamus and/or pituitary to compensate for hypoandrogenaemia. Weight gain appears to lead to blunted LH secretion, but with unchanged serum levels. Moreover, obesity is associated with lower SHBG as a result of insulin resistance, with the high levels of circulating insulin inhibiting hepatic SHBG production [27, 28] . Camacho et al. [3] suggested that fluctuations in SHBG concentrations can provide metabolic signallinking variations to hypothalamo-pituitary-testicular axis function in adiposity, thereby regulating androgen bioactivity through insulin signalling. This is supported by the recent finding of Coviello et al. [29] that circulating SHBG is influenced by variations in genes involved in the regulation of lipid and carbohydrate metabolism. In addition, the delivery of bound hormones at target tissue sites is a further possibility of the active role played by SHBG in the regulation of sex steroid bioavailability [30] . In addition to peripheral and central insulin resistance, obesity is associated with proinflammatory cytokine production (TNF-α and IL-6) from adipocytes and central nervous system endocannibinoid release, which can inhibit hypothalamo-pituitary-testicular axis function [31] [32] [33] . Increased plasma levels of leptin were found to be secreted from adipocytes in obese subjects. Leptin receptors are present in testicular Leydig cells and leptin may play a role in reduced androgen levels in obese men [34] . Lima et al. [35] found that massively obese men (BMI > 35 kg/m 2 ) had consistently low free testosterone levels. The authors concluded that functional decrease of LH pulse amplitude and serum LH levels, as well as the possible negative action of excess circulating leptin on steroidogenesis, may be related to the decreased androgen levels in obese men. In older men, multiple functional alterations in the action of reproductive hormones linked to distinct risk factors are shadowed by the progressive testicular impairment associated with increasing age [9] . In younger men, however, obesity may be the only risk factor for testosterone decline and poor sexual function.
Obese men have been shown to have elevated circulating levels of oestradiol predominantly derived from the aromatisation of circulating testosterone, mostly in adipose tissue where the enzyme aromatase is present in larger amounts [36] . The overall rate of aromatisation of testosterone to oestradiol increases with body mass. The non-significant trend for oestradiol serum level to increase with growing weight was also visible in our study. This phenomenon may result in a greater degree of testosterone deficiency by acting at the hypothalamus to decrease GnRH pulse frequency, at the pituitary to decrease LH secretion, and at the testicular level to inhibit testosterone biosynthesis [37, 38] . It has been found that oestradiol serum levels show a positive cross-sectional relationship with age and depressed mood related to declining sexual function in ageing men [39] . However, the level of serum oestrogen in men has been also reported to decline with age [40] , and our study revealed the same observation in young subjects.
The results of the sexual parameter assessment, such as those concerning sexual fantasies, morning erections and erectile function, did not differ significantly between 20-and 30-year-old men. Only 40-year-olds showed significant deterioration of sexual function compared to 20-year-olds. General health worsened with age, but there were no serious diseases. Psychological causes were of minor importance. There were also no differences associated with excessive body mass. In turn, significant correlations were found between the above mentioned sexual parameters and BMI or WHR. The results of our study are in agreement with other studies on cohorts of older men showing that several measures of obesity and central adiposity are significantly associated with ED prevalence [8, [41] [42] [43] . Orgasmic function was not correlated with any studied parameters. It is known that the incidence of OD is low (3-10% of men with sexual dysfunction) and increases with age [44] [45] [46] . Besides this, the pathophysiology of OD is not clear and needs more research.
Obesity belongs to the group of modifiable factors which can be reduced or completely eliminated. Physical activity and a low-calorie diet allow weight loss, self-image improvement and better quality of life, as well as better sexual function and satisfaction [47] [48] [49] [50] . There is, however, limited data as to whether reduction in body weight by itself would improve sexual function. In the Massachusetts Male Aging Study (MMAS), ten year follow up data suggested that obese men aged 40 to 70, regardless of weight loss, had a greater risk of developing ED [51] . In turn, in a younger group of men (35-55 years) Esposito et al. [52] reported improvement of erectile function after at least 10% weight loss, healthy diet and increased exercise. Moreover, results are emerging from randomised and observational studies demonstrating that lifestyle changes and weight loss are associated with better sexual function, even in individuals with diabetes mellitus and in older men [46, 53, 54] , which may be the result of increased testosterone levels. Camacho et al. [3] showed that weight gain was associated with suppression of TT, free testosterone and SHBG, while weight loss was associated with an increase in TT, free testosterone, SHBG and LH in men taking part in EMAS. Possible explanations for the difference between older and younger men with regard to the responsiveness of erectile function to weight loss include increased prevalence of cardiovascular disease, fewer urinary tract disorders, and other comorbidities at older ages. Corona et al. [55] revealed that more than 50% of EMAS subjects reported the presence of one or more common morbidities. Around 30% of men reported ED and 6% reported severe OD, both of which were closely associated with age and concomitant morbidities. Hence, sexual health declined while concomitant morbidities increased as a function of age.
Conclusions
The general increase in obesity among men may result in more individuals with sexual dysfunction. ED in older men is the result of the decrease in testosterone and increase in SHBG serum levels. Obesity by itself may enhance the decline of testosterone but also represents a severe risk of cardiovascular disease and diabetes mellitus, which are also risk factors of ED. In younger men, excessive weight is not a reason for comorbidities, but may be the cause of lower testosterone action leading to worse sexual function in men over 40. Obesity is a reversible phenomenon. Hence, it is important to undertake preventive action in young people to reduce excessive weight and, in this way, reduce the risk of further sexual dysfunction.
